sity of findings on localization, magnitude, and clinical sensitivity; the lack of robust associations with polygenic risk scores; and poor diagnostic classification using machine learning 2 suggest that the discriminatory power of neuroimaging data alone is limited and that the individual brain patterns are highly heterogeneous. Although disappointing from a clinical point of view, this lack of direct translation of grouplevel findings to the individual is in line with the substantial individual patient heterogeneity in clinical and cognitive profiles. The brain functional connectome is highly individualized [3] [4] [5] and has been metaphorically called a fingerprint. 3 This suggests that important individual-level information may be overlooked in common imaging approaches, which has limited the specificity and clinical utility of functional magnetic resonance imaging (fMRI). 6 The stability of the connectome captures system-level, within-participant properties of the connectome and has recently shown promise as a marker of mental health in adolescents. 4 Thus, we hypothesized that stability is also lower in adults with schizophrenia spectrum disorders and in individuals with high cumulative polygenic risk for schizophrenia.
Methods | We reanalyzed task fMRI data sets (OpenfMRI ds000115, Neuromorphometry by Computer Algorithm Chicago, and Thematically Organized Psychosis) from 3 previous studies on working memory in individuals with schizophrenia spectrum disorders. Data sets included 167 individuals with these disorders (aged 16-52 years) and 202 healthy controls (aged 13-59 years) who had been scanned during a 0-back and a 2-back version of similar blocked n-back tasks. Figure 1 describes the analysis. As in procedures described elsewhere, 4 we computed individual brain networks of the full brain and 9 subnetworks and calculated connectome stability as the within-participant Spearman correlation coefficient of 0-back and 2-back networks. We assessed effect sizes of diagnosis (Cohen d) and tested for associations with task performance (n = 365) and polygenic risk for schizophrenia (n = 165). Effect sizes were regarded significant at Bonferroni level (P = .005, adjusted for the number of networks). ), cerebellum (d, −0.39; P = 3 × 10 −4 ), and subcortical (d, −0.56; P = 3 × 10 −7 ) networks after accounting for age, age squared, sex, motion, temporal signal-to-noise ratio, and scanning site ( Figure 2A ). Figure 2B illustrates estimated age trajectories for full-brain connectome stability, matching previous reports of increasing stability as the brain develops and suggesting decreasing stability with advancing adult age in both groups. This was supported by a significant effect of age (d,−0.39; P = 3 × 10 −4
Results
) and a nominally significant effect of age-orthogonalized age squared (d, −0.27; P = .01).
After accounting for age, age squared, sex, motion, temporal signal-to-noise ratio, scanning site, and diagnosis, we found that stability of the motor network was significantly associated with polygenic risk for schizophrenia (d,−0.46; P = .004; Figure 2C ), and stability of the visual association network was significantly associated with task performance (d, 0.36; P = 8 × 10 −4
; Figure 2D ). Associations with polygenic risk or task performance in other subnetworks did not remain significant after correction for multiple comparisons. Discussion | Assessing brain network stability provides a window into within-participant variance, offering inference on the individual connectome. In conjunction with recent evidence from a neurodevelopmental study, 4 our findings suggest that stability of the connectome increases during development, peaks in early adulthood, and decreases during adulthood. The reported delay in reaching adult-level stability in individuals with preclinical signs of mental illness 4 match the trajectories observed for young individuals with schizophrenia spectrum disorders in this study. Further, our findings indicate decreased stability in adults with schizophrenia spectrum disorders and the trajectories jointly provide support for the hypothesis of developmental delay and accentuated aging as significant factors of decreased mental health. Taken together, our results encourage the use of systemlevel, within-participant properties of the connectome in mental health research. A, C, and D, Connectome stability data are residualized for age, age squared, sex, motion, temporal signal-to-noise ratio, and scanning site; B, Connectome stability data are residualized for sex, motion, temporal signal-to-noise ratio, and scanning site. A, Statistically significant differences were found in the full brain and several subnetworks. B, Age trajectories in data on 369 participants suggest a decrease in connectome stability with adult age. C, Association of connectome stability in the motor network of 165 participants with polygenic risk for schizophrenia. D, Association of connectome stability in the visual association network of 365 participants with 2-back task performance.
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